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ABSTRACT
It is shown from the Deser-Gilbert-Sudarshan
representation that the Pomeranchukon residue of the

W, function for the axial vector current is indepen=-

2
dent of Q2. This justifies the relation

&P (. _ -2_(4) . . )
tot(oo) nfﬂ F; (w) previously derived from

generalized scaling.
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In the formal framéwork of the Deser-Gilbert-Sudarshan (DGS)
representation,l we study tﬁe Q2 dependence of the Regge residues of
the ‘function WgA)(v,Qg) for the axial vector current.2’3 We find
that besides the‘scaling of vWéA)(v,Qz)/mN2 and the Regge behavior in

w of FéA)(w), the Pomeranchukon residue is independent of Qe all

the way from Q> -0 to w. The high energy limit of the #N total

cross section is thus related‘unambiguously to FSA)(w), which provides
us with a test of the free quark algebra result FéA)(u) = Fév)(w) b

at least as w (= 2v/Q2) — o, Generslized scaling5’6 is made plausible

- for secondary Regge trajectories.

The axial vector structure function WéA)t(v,Qz) is defined

" as

(. _
Z j%;} équ(pl[Au+(X), AV*(O)]IP>

~ 2
2583, wih(,6%) + other terms, 1)
mN
3 2 (a)+ . '
where p = p - q(p-q)/q”. Through PCAC Wy (v,0) is related to

7N scattering by6

TR = «r P00 /m 2 (2)

where OEZE(V) is the nip total cross section for a massless
external pion at laboratory energy v/mN, and \fg fjr = 0.96 mn is
the pion‘decay constant.

We now write a DGS representa.tionl for WéA)t(v,QZ); this

representation incorporates causality and the mass spectral conditions,
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and it is useful for relating different kinematical regions in Qz.

It is written as

) 1
ng)i(v,Q2) = [ du[ b o¥(u,b) 5(-0° + 2by - ) (v + me2)~
0 -1
. ' (3)

The support of Gi(u,b) is determined by the mass spectral
conditions.l For positive Q2 and vy, we obtain, by integrating

Eq. (3) over b,

(), o2 ©
‘Vw2 (;’Q ) 1 ~ a gt<u, 522: ) ‘ ()+)
Ty 2y Jo

]

As was pointed out by many people, the right-hand side of Eq. (4)
becomes independent of Q2 in the Bjorken scaling limit (Q2 -
with w = 2v/Q2 fixed) if qi(u,b) decreases fast enough in u to
permit interchange of the order of Q2 - o and “[;u. If Gt(p,b)
. . s . 2

is truncated effectively at pn = Poax? scaling sets in for Q >> “maxf

In the Regge limit (v —e with Q- fixed)

1

S . -
W 0,Q0 P —> Y pt@ . (5)

Regge
This asymptotic behavior is realized if Ut(u,b) behaves near b = O

as

1.
Hwe) = ) W ©)
b= 0 "

-l

Combining (&), (5), and (¥), we obtain a relation

o o, -1
/ 1
2mN 0 \Q e/

which leads to the well known Q2 dependence of the Regge residues

+, 2 2 19y P 7
Bi-(Q )~ (@7) as Q = o.' We stress here that Eq. (7) predicts

that the Pomeranchukon residue is absolutely independent of QE;

BPT(QQ) = '1—2

emy Jo

dp ‘YPi(p.) . (8)

The same argument does noﬁ go through for the vector current:2 To
take sccount broperly of the gauge condition wév)(v,o) =0 for
[v] > Q2/2, we must write a DGS representation for Wév)(v,QE) with
an explicit factor of Q2, which changes the form of the residue
considerably.

Oour result Eq. (8) can be combined with Eq. (2) to give

+
o Ple) =

tot * fﬁ-g FéA)t(w) . (9)

This relation may be tested in high energy neutrino reactions when a

relation between the vector and axial vector structure functions

W = 5 (10)

is supplemented. Eg. (10) results in many models, for instance, in
the free quark algebra model of light-cone singularities. Eq. (9)

may then be written in the form appropriate to the neutrino reactions;

Lo
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" Pw) = %t (cos 0,)F FLV(w) , (1)’
tot 27 Tx c 2 250

where 'ng’v(w) is the strangeness conserving part of the

£5=0
neutrino (antineutrino) structure function. The frée quark algebra
result (10) leads us also to & similar relation with the Fo(w) of

electroproduction

t I
LRIONEIRE S ANOF (12)

where TV is the isovector part of the photon. If we further assume

Su(3) symmetry,8 these relations become

U’Tip( ) = 2a2° FV’;(«») | (111)
tot I 128=0 and 1
and
+
1 -2
TPw) = Exf CE, (), (12')

where Feykw) and F;’;(w) are the full structure functions for
electro- and neutrino production.‘ The same relations were previously
obtained from a more phenomenological argument based on generalized
scaling. ﬁe have so far used (1) the DGS répresentation, (2) PcAC
and a massless pion extrapolation, end (3) the free quark algebra
result FéA)(w) = ng)(w). If we trust the formal manipulation of
the DGS representation, Eq. (11) may be regarded as a test of

FéA)(w) = Fév)(w) at w = .

“
-0O-

Since the residues Bsi(Q2) of the secondary Regge trajec-
tories involve a nontrivial Q2 dependence, there is no simple
relation between the residues in the Regge expansion in y for

T
Gzoz(v) and those in w for FéA)t(w). However, if we assume that
YEt(H) in Eq. (7) has a peak around u = w, or in the extreme case

+ 2
r7 (k) = 2m” e &(u - p), then

2 l_O‘s
+rn2 Qe + Mg
B (7)) = c \ — (13)
: 2
t
This allows us to interpolate smoothly between ogoz(v) and
(8)1 . . . . iy
F5 (w) using a generalized scaling variable. Eq.-{(13) mey
be obtained from the generalized scaling behavior
(&), 2y, 2 INY A
v W2 (v,Q )/mN = F2 B S e s (24)
Q + g

where the constant & is related to satellite terms in the Regge
expansion. Hence, generalized scaling and saturation with a single
value of u of the DGS spectral function are identical in the Regge

asymptotic region.
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B
We have some reason to expect that the Pomeranchukon will act as

Al

a better SU(3) singlet in the current amplitudes than in the
pseudoscalar meson amplitudes since SU(B) mass breaking will be

insignificant at Q2 - o,



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.

W

i




TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



